Ionization chamber type gamma detectors are used in water-steam density measurements in loss of coolant studies at Oak Ridge National Laboratory. Ionization chambers have replaced current-mode scintillation detectors to obtain stability and freedom from magnetic field interference. However, this change results in some loss of fast transient response. Results of studies comparing the transient response of ionization chamber detectors, plastic scintillation detectors, and sodium iodide (NaI) detectors to rapid changes in gamma intensity demonstrate that plastic scintillation detectors have the fastest response and most closely reproduce the transient; ionization chambers have an initial fast response followed by a slower response, which may produce errors in fast transient measurements; and NaI scintillation detectors have a moderately fast initial response followed by an extremely slow response, which produces errors in even slow transient measurements. We are using ionization chamber detectors with data acquisition systems having response times of 1 and 16 ms. With the 16-ms system, the transient response is limited by the system rather than the detector. However, with the 1-ms system the response is detector limited. At present, the extreme stability of the ionization chamber detector system is more important than the loss in fast transient response.
Introduction
Gamma densitometry is extensively used for measurement of steam-water and air-water density in LOCA (loss of coolant accident) studies. LOCA-related experimental facilities at Oak Ridge National Laboratory include the THTF1 (Thermal Hydraulic Test Facility) and associated air-water and steam-water loops. Much of the following detector discussion is related to the THTF, which is a large nonnuclear pressurized-water loop that incorporates a bundle of 49 electrically heated rods. Four gamma densitometers are installed on this loop and are located in horizontal and vertical instrumented spool pieces in both the inlet and outlet runs of the rod bundle.
Typical preblowdown, steady-state conditions are power to rod bundle, 6 MW; inlet temperature, 574°F; outlet temperature, 640°F; and system pressure, 2250 psi. At blowdown, the system is vented to the atmosphere through rupture disks in the inlet or outlet circuits, and the ,,160 gal content of the loop is transferred to a pressure supression system in 20 to 100 s. Initially, the gamma densitometer detector of the THTF was a plastic scintillation detector operated in the current mode. This detector system had been selected because other LOCA experimenters were using NaI scintillation detectors in the current mode, and project management had dictated that current-mode scintillation detectors be used. When the initial system was designed, it was equipped with a plastic scintillator instead of a NaI scintillator because the plastic scintillator can follow a fast transient response, whereas the NaI scintillator has a slow component in its transient response. This slow response, which is referred to as afterglow, is reportedly present to some degree in all inorganic scintillators. 2 Even though it had been conservatively designed, that is, operation well below maximum photocathode and anode current ratings, powered by a stable power supply, water cooled, and heavily shielded from magnetic fields, the plastic scintillation system was plagued with instability problems. Calibration drifts were intermittent in occurrence, random in polarity, and, apparently, spontaneous in onset. Most of these instabilities were probably due to the inherent instability of photomultiplier tubes, which are sensitive to variations in temperature, magnetic fields, and bias voltage. After attempts to stabilize the scintillation detector system had failed, it was replaced with an ionization chamber, which is not sensitive to these variables. In the interim, before the new ionization chambers became available, problems were encountered with the NaI detectors: rapid failure by loss of sensitivity, and a slow component in the signal output following a step increase in gamma intensity (Fig. 1) . The example in Fig. 1 For comparison, no photomultiplier tube damage was observed with the plastic scintillation detectors which were exposed to a higher incident gamma level. This lack of phototube damage is attributed to the lower light yield of the plastic scintillators (about 1/30 that of NaI) and the use of photomultipliers having Cs-Sb (cesium-antimony) photocathodes, which have a higher current capacity than the bialkali photocathode of the failed detector.
The problems with the NaI detectors of the triple-beam gamma densitometers were eliminated by replacing the detectors with the new ionization chambers of a parallel-plate design (Fig. 2) . These chambers, which have a sensitive volume of 1 in. diam and 5-1/4 in. long and are filled with xenon to 20 atm, are working satisfactorily. However, these parallel-plate chambers are more microphonic and more expensive to fabricate than the coaxial chambers. As a consequence of this experience, the triple-beam densitometer design was modified to make it compatible with a coaxial ionization chamber.
Transient Response of Detectors
Since some loss of transient response was anticipated in the change from plastic scintillators to ionization chambers, we made comparative measurements of the transient response of the following detectors: plastic scintillator, NaI scintillator, coaxial ionization chamber, and parallel-plate ionization chamber.
The gamma transient for checking the detectors was generated by the aaratus shown in Fig. 3 . This consisted of a 25 mCi 7Cs gamma source which was spring-propelled over two lead-brick shadow shields. The detector was located under a 2-in. gap between the bricks. A step increase in gamma intensity was generated by spring-propelling the source carrier from a position over one shadow shield to a position over the detector slot. A step decrease in gamma intensity was generated by a spring-propelled striker hitting the source carrier and driving it from a position over the detector to a position over the second shadow shield. The transient rise time was varied by changing the springs and varying the compression of the springs. After excessive noise was encountered at an amplifier response time of 0.5 ms, a change was made to a response time of 2 msec for the detector comparisons. Noise is more troublesome at the weaker gamma signal of these tests than it is at the higher gamma signal of the densitometers. 
NaI Scintillation Detector
The initial response of the NaI scintillation detector (Figs. 4b, e, and f) is not as fast as that of the plastic scintillator. There is also a slow component, which was discussed previously in relation to Fig. 1 . This slow component, which in Fig. 1 shows a time constant of several minutes, interferes with the accurate measurement of even the slowest transients.
Coaxial Ionization Chamber
The transient response of an ionization chamber is characterized by a fast response, followed by a slow response (Figs. 4c, e, and f) . The fast response is due to collection of the highly mobile electron component of the ionization, and the slow response is due to collection of the large, positive xenon ions.
This slow component interferes with accurate measurement of fast transients, but it does not interfere with slower measurements at the 16-ms response time of the amplifier used with the computercontrolled data acquisition system. At this response time, the transient response of the coaxial ionization chamber is essentially identical to that of the plastic scintillator.
The transient response of an ionization chamber is a function of both the strength and polarity of the ion collection field. The curves of Figs. 4c, e, and f are for a negative bias of 1,600 V, the maximum voltage of the power supplies we are using. Increasing the bias voltage decreases the rise time of both the fast and slow components and increases the relative amplitude of the fast component. With the bias polarity changed to positive, there is a slower initial component, followed by a faster component.
Parallel-Plate Ionization Chamber
The closer electrode spacing of the parallelplate ionization chamber (Fig. 2) produces a higher collection field at the same bias voltage. As a result, the transient response of this chamber is faster than that of the coaxial chamber, and the ratio of fast rise to slow rise is greater. Unfortu- nately, the noise level of the parallel-plate chamber, part of which is microphonics, is greater (Fig. 4d) . These tests were made with the prototypic chamber, which is more microphonic than chambers fabricated as a production run.
Comments and Conclusions
The choice of a detector for gamma densitometry is governed by the appolication and environment. For stability, ionization chambers are superior to scintillation detectors. However 
